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ABSTRACT 


With  the  introduction  of  the  rotary  forge  at  the  Watervliet 
Arsenal,  a  new  line  of  inspection  equipment  was  required.  The 
need  to  design  inspection  equipment  to  measure  hot  cannon  tubes 
in  the  "as-forged"  condition  created  gaging  problems  not  often 
encountered  in  industry.  Forgings  must  be  inspected  immediately 
off  the  forging  machine  to  monitor  uniformity  of  wall  thickness. 
Any  tendency  toward  excessive  wall  thickness  variation  must  be 
detected  immediately  and  corrective  measures  taken.  The  rate  of 
forge  operation  co;xld  result  in  the  production  of  many  rejectable 
tubes  if  inspection  was  delayed  until  the  forging  cooled.  The 
inspection  system  required  development  of  a  new  application  . 
technique  for  ultrasonics.  Hydraxilic  pressure  is  used  to  bring 
transducers  in  contact  with  the  hot  forgings  and  to  establish 
coupling  between  the  transducer  and  the  forging.  Wall  thickness 
measurements  are  taken  simultaneously  at  four  positions  around 
the  tube  circumference  and  a  wall  thickness  variation  at  that 
cross-section  is  printed  out. 
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ULTRASONICS 
COUPLING 
DELAY  LINE 

ROTARY  FORGED  CANTnION  TUBE 
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1.  INIRODUGTION 


In  1975 »  a  rotary  forging  machine  was  introduced  into  the 
Watervliet  Arsenal,  llais  machine  was  manufactured  in  Austria  by 
GFM  and  was  the  largest  of  its  land  in  the  world  at  the  time  of 
installation.  Cannon  tubes  from  2.5  inch  to  8  inch  bores  are 
produced  from  hollow  preforms.  The  purpose  of  the  rotary  forge 
process  is  to  produce  a  tube  forging  with  minimal  material  waste 
thus  providing  a  finished  product  at  lower  costs.  A  conventional 
105MM  M68  forging  starts  out  weighing  8400  pounds,  a  rotary  forging 
starts  out  at  3000  pounds,  both  to  produce  a  finished  tube  weighing 
l660  pounds. 
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2.  INSPECTION  OF  THE  FORaiNPr 


The  rotary  forge  is  numerically  controlled  and  is  capable  of 
forging  a  IO5MM  M68  gun  tube  in  approximately  11  minutes.  At  this 
rate  8  hours  production  could  exceed  30  cannon  tubes.  Standard 
inspection  equipment  used  on  cannon  forgings  to  measure  diameters, 
straightness  and  wall  thickness  must  be  employed  after  the  forging 
cools. 

VJall  thickness  of  rotary  forged  cannon  tubes  is  critical. 

Because  the  forgings  contain  minimal  excess  material,  wall  thickness 
must  be  held  unifonn.  Unifonn  wall  thickness  insures  even  material 
distribution  and  sufficient  stock  for  final  machining  operations. 

A  look  at  the  complete  production  schedule  shows  a  need  to  measure 
wall  thickness  as  soon  after  the  actual  forging  process  as  possible. 

If  a  malfunction  leads  to  the  production  of  forgings  with  non— 
uniform  wall  thickness,  this  condition  would  not  be  picked  up  until 
the  forging  had  cooled  sufficiently  to  allow  for  the  use  of 
conventional  inspection  techniques.  During  the  10  hour  period 
required  for  the  forging  to  cool  to  approximately  100°F,  ^40  more 
tubes  could  be  produced.  These  AO  tubes  could  very  possibly  have 
the  same  unacceptable  wall  thickness  characteristics  and  could  be 
scrap.  A  definite  need  existed  to  develop  a  method  to  inspect 
forgings  for  wall  thickness  immediately  off  the  forge  machine  in 
order  to  monitor  the  production  process  and  take  corrective 
measures  if  necessary. 
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VJall  thickness  inspection  of  cannon  forgings  is  normally  done 
using  ultrasonics*  Transducers  are  applied  to  the  tube  surface  by 
hand.  Ultrasonic  coupling  is  established  between  the  transducer 
and  the  tube  surface  by  placing  a  small  puddle  of  oil  at  each 
measurement  point.  In  the  case  of  hot  cannon  forgings,  new  problems 
arise.  First,  the  transducers  would  not  withstand  contact  with 
this  hot  material.  Application  of  the  transducer  by  hand  would 
be  impractical  and  dangerous.  Also  the  oil  used  to  establish 
coupling  would  bum  or  evaporate  instantly.  Obviously  a  different 
technique  for  inspection  of  wall  thickness  was  necessary. 
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3«  ULTRASONICS  ON  A  HOT  TUBE 


Several  companies  that  specialize  in  ultrasonics  were  contacted 
and  there  was  general  agreement  that  ultrasonics  could  be  applied 
Lhis  case  but^  that  such  a  system  would  border  on  the  state"^f“ 
the^art*  A  specification  was  written  to  define  what  was  required 
of  a  system  to  measure  wall  thickness  variation  of  cannon  tubes 
immediately  off  the  forge  machine. 

A  request  for  proposal  for  a  system  to  inspect  these  hot 
forgings  was  sent  to  several  ultrasonic  equipment  manufacturers 
vri.th  the  only  acceptable  response  coming  from  Sonic  Instruments 
of  Trenton,  NJ .  Sonic  agreed  to  design  a  system  if  testing  was 
accomplished  to  determine  if  Sonic's  approach  to  this  problem 
would  be  successful.  Testing  was  done  at  the  Arsenal  using  a 
standard  ultrasonic  transducer,  a  water-cooled  aluminum  delay 
line  and  a  hand  operated  arbor  press.  Sections  of  actual  forgings 
were  heated  in  a  small  furnace  to  approximately  1500°F  to  simulate 
temperature  of  the  forgings  immediately  off  the  forge  machine. 
Transducers  were  applied  to  the  test  san^jle  under  approximately 
2000  pounds  force  to  attempt  to  establish  ultrasonic  coupling. 

It  was  theorized  that  the  deformation  of  the  cannon  tube  surface 
at  this  temperature  would  be  sufficient  to  establish  this  coupling. 
Readings  were  obtained  on  a  standard  readout  system  with  varying 
degrees  of  acciiracy  and  repeatability.  Alignment  of  the  delay 
line  with  the  sample  centerline  and  the  configuration  of  the  delay 
line  proved  critical.  Three  delay  line  configurations  were  tested 
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to  determine  which  gave  the  strongest  signal  and  the  signal  that 
stood  clearly  above  background  reflections. 

Aluminum  and  copper  sheets  were  tested  as  couplants  between 
the  delay  line  and  sample  and  were  found  to  slightly  reduce 
required  pressure.  Lead  sheets  were  also  tried  and  reduced 
required  pressure  to  a  very  low  level.  However,  lead  could  be 
valuable  only  if  measurements  were  to  be  taken  at  a  medium  temper¬ 
ature  as  it  melts  away  too  quickly  at  test  temperatures.  Tests 
showed  coupling  by  pressure  was  feasible  down  to  approximately 
900  F  as  long  as  the  delay  line  was  aligned  on  the  forging  center- 
line.  Delay  line  configuration  was  finalized  with  the  use  of  a 
A  inch  spherical  radius  on  the  tip.  Any  reflections  from  the  tip 
of  the  delay  line  should  bounce  back  to  the  same  point  and  thus 
give  a  signal  on  the  ultrasonic  oscilloscope  readout.  Making  this 
signal  occur  at  A  inches  puts  it  just  beyond  the  maximum  thickness 
to  be  measured.  (See  figure  l) 
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4.  SYSTEt^l  DESCRIPTION 


The  wall  thic'kness  variation  measurement  system  consists  of 
a  traveling  bridge  riding  on  2  tracks.  The  bridge  supports  the 
measurement  transducers  and  moves  over  the  tube  along  its  length. 
The  bridge  is  motorized  and  can  be  stopped  at  each  measurement 
interval  required. 

The  gun  tube  to  be  inspected  is  supported  on  three  v-block 
stands.  The  position  of  these  supports  has  been  established  by 
engineering  to  minimize  the  bending  of  the  forging  that  may  occur. 
Because  the  yield  strength  of  these  forgings  at  these  high 
temperatures  is  substantially  reduced,  support  positions  are 
critical.  These  supports  are  repositioned  for  each  different 
tube  forging.  (See  figure  3) 

The  moving  bridge  carries  the  heart  of  the  inspection  system. 
Four  ultrasonic  transducers  'with  water-cooled  delay  lines  are 
mo-unted  90°  apart.  Each  is  controlled  by  a  long  stroke  hydraulic 
cylinder  which  holds  the  transducer  against  the  forging  with  a 
force  of  approximately  2000  pounds.  Mounting  the  transducers  in 
this  way  allows  for  measuranent  of  wall  thickness  variation  at  a 
particular  cross-section.  Transducers  will  contact  the  forging 
surface  at  four  equally  spaced  points.  (See  figure  4)  Wall 
thickness  readings  are  not  accurate  due  to  the  high  temperature  and 
corresponding  decreased  sound  velocity,  but  constant  temperature 
around  the  forging  at  each  cross-section  inspected  assures  an 
accurate  wall  thickness  variation  measurement.  The  temperature 
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gradient  from  one  end  of  the  tube  to  the  other  makes  it  difficiilt 
to  get  accurate  wall  thickness  readings,  but  since  our  main 
concern  is  the  uniformity  of  wall  thickness  we  need  not  make 
provisions  to  recalibrate  the  readout  at  each  temperature. 

Transducers  on  the  traveling  bridge  are  connected  to  readouts 
in  a  heat  insulated  cabinet.  Four  wall  thickness  readings  are 
displayed  and  printed  along  with  their  measuring  positions.  A 
microprocessor  computes  the  variation  between  minimum  and  maximum 
readings  and  prints  the  wall  thickness  variation.  Hydravilic 
motors  move  the  bridge  to  the  next  selected  cross-section  and  the 
process  is  repeated. 

The  entire  wall  thickness  variation  measurement  system  is 
controlled  by  the  operator  from  a  small  console.  Controls  include 
start-stop  switches  for  hydraulics  and  water,  grip  and  release 
buttons,  carriage  forward,  reverse  and  stop  and  a  switch  for  the 
warning  horn  for  cooling  water  loss.  (See  figure  5)  In  operation 
the  operator  pushes  a  button  to  move  the  carriage  to  the  test  point 
on  the  tube  and  stop  it.  IVhen  the  grip  button  is  pushed  the  four 
transducers  come  in  contact  with  the  forging  under  pressure.  The 
electronics  are  designed  to  scan  the  four  transducers  to  check 
for  the  existence  of  a  signal  at  each  point.  If  a  signal  exists 
the  four  readings  are  printed  and  a  microprocessor  computes  the 
maximum  variation  which  is  also  printed.  If  one  or  more  signals 
are  lacking  the  transducers  are  released  and  retracted  from  the 
forging.  The  operator  then  presses  the  grip  button  again  and  the 
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process  is  repeated.  Once  a  reading  has  been  recorded,  the 
operator  moves  the  carriage  to  the  next  test  position  and  presses 
the  grip  button  again.  The  process  is  repeated  until  all  required 
test  sections  are  measured.  The  operator  then  has  a  record  of 
wall  thickness  variation  of  the  forging  15  minutes  after  the  tube 
was  produced.  (See  figure  2)  Data  is  available  for  evaluation  to 
determine  if  any  tendency  exists  which  would  lead  to  production  of 
bad  tubes.  This  measurement  system  provides  the  necessary  data 
for  making  adjustments  or  the  decision  to  stop  the  forging  process 
before  a  large  number  of  unacceptable  tubes  are  produced. 
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5.  TESTING  RESULTS! 


Following  installation  of  the  system  preliminary  tests  were 
run  on  a  cold  cannon  tube  to  verify  tube  alignment  and  functionality 
of  all  controls.  Several  adjustments  in  timing  and  hydraulic 
pressures  were  made.  Lead  sheets  were  placed  between  the  delay 
line  and  the  cold  cannon  surface  to  act  as  coupling.  Several  small 
problems  in  the  electronic  circuitry  were  overcome  and  the  system 
was  able  to  make  the  required  measurements. 

Next  a  hot  105MM  M68  forging  was  loaded  into  the  v^stands  of 
the  inspection  system.  The  bridge  was  moved  to  the  muzzle  end  of 
the  tube  and  the  grip  button  pushed.  The  cylinders  moved  in,  took 
a  reading,  printed  out  and  retracted.  The  bridge  was  moved  to  the 
evacuator  zone  of  the  tube  and  another  measurement  was  made,  again 
successfully.  The  temperatxxre  of  each  of  these  areas  was  measured 
as  1200  —11(00  F.  The  bridge  was  then  moved  to  a  larger  diameter 
area  with  substantially  greater  wall  thickness.  The  grip  button 
was  pushed  but  the  system  did  not  see  four  signals  of  sufficient 
strength  and  was  automatically  retracted.  The  grip  command  was 
repeated  and  the  oscilloscope  displays  on  the  four  ultrasonic 
readouts  were  studied.  Two  of  the  four  signals  were  good  but  two 
were  not  picked  up  correctly  by  the  automatic  gain  control  (AGC) 
circuitry.  The  AGO  "window"  was  adjusted  somewhat  and  on  another 
grip  attempt  the  four  signals  were  sufficient  and  the  readings 
and  variation  printed  out.  The  grip  procedure  was  repeated  toward 
the  breech  end  of  the  forging  with  good  results.  The  third  and 
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breech  end  prints  were  at  about  l600-1700°F.  The  tests  showed  it 
to  be  harder  to  get  readings  at  the  thicker  wall  thicknesses. 
Adjustments  on  the  ultrasonic  units  were  found  to  be  more  critical 
in  these  areas  of  greater  thickness  to  outside  diameter  ratio.  This 
ratio  has  an  effect  on  how  "clean”  the  returning  echo  is  picked  up 
by  the  ultrasonic  readouts. 

At  each  cross-section  of  the  tube  measured  the  wall  thickness 
readings  were  high  due  to  the  decreased  sound  velocities  at  these 
elevated  temperatures.  The  variations  in  wall  thickness  printed 
out  were  compared  to  values  obtained  the  next  day  on  the  cold  tube 
and  were  found  to  be  within  the  +  .03  of  actual  variation  as 
required  by  the  specification.  (See  figure  6). 

The  evaluation  of  the  testing  results  was  satisfactory  and 
the  system  was  accepted. 
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6.  COMCIUSION 


The  ability  of  this  inspection  system  to  successfully  measure 
wall  thickness  variation  of  hot  cannon  forgings  advances  the 
state-of-the-art  of  ultrasonic  inspection.  This  system  can  measure 
actual  wall  thickness  of  hot  pieces  if  the  temperature  is  known 
and  the  readouts  are  calibrated  to  this  temperature.  It  also 
measures  on  an  extremely  rough  surface  because  the  delay  lines 
actually  deform  the  surface  slightly.  Principles  of  ultrasonic 
inspection  employed  in  this  system  have  been  proven  and  can  now 
be  employed  in  industry  with  greater  confidence  that  such  a  system 
will  perform  its  job  in  a  production  environment. 
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7.  IMPLEMENTATION 


This  system  now  is  in  operation  at  the  rotary  forge  site 
providing  valuable  information  about  the  wall  thickness  variation 
of  production  forgings  immediately  after  the  forging  process. 

This  information  enables  production  personnel  to  closely  monitor 
the  uniforroity  of  wall  thickness  of  the  forgings  and  to  take  any 
measures  necessary  to  produce  good  tubes. 

Recently  efforts  have  been  initiated  to  connect  the  wall 
thickness  measurement  system  directly  to  the  forge  by  conveyor 
to  further  integrate  the  system  into  the  production  line.  These 
efforts  will  reduce  material  handling  time  and  cost  and  aid  the 
Arsenal  in  providing  the  highest  quality  tube  forgings  with 
minimal  expenditure. 
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FIGURE  3 1  l-DT  FORGTMG  IN  IIISPB^TION  STATION 
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HOT  WALL  VARIATION 
MEASUREMENT  DATA 


HOT 

(1  MAR  79) 

COLD 

(2  MAR  79) 

MAX 

I4AX 

(hot  &  COLD) 

LOG 

VARIATION 

VARIATION 

DIFF 

1 

.07 

.04 

1 

• 

o 

2 

.06 

.05 

1 

• 

O 

3 

.10 

.10 

— o* 

k 

.07 

.06 

-.01 

1 

.06 

.05 

-.01 

2 

.06 

.05 

-.01 

3 

.11 

.10 

-.01 

U 

.06 

.06 

AVERAGE 

AVERAGE 

1. 

.06 

.045 

-.015 

2 

.07 

.05 

-.02 

3 

.093 

.10 

+.007 

h 

.057 

.06 

+  .003 

ALL  MEASUREMENTS  WERE  MADE 
WITH  NO  CHANGE  OF 
VEIDCITY  SETTING  (2320) 


FIGURE  6:  TESTING  RESULTS 
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TECHNICAL  REPORT  DISTRIBUTION  LIST 
FOR 

DARCOM  MATERIALS  TESTING  TECHNOLOGY  PROGRA.M 

Distribution  List  approved  by  U.  S.  Arm>*  Materiel  Development  and  Readiness  Command, 
DRCQA ,  November  1977 


Number  of 

Copies _ To 


2  Metals  and  Ceramics  Information  Center,  ATTN:  Mr.  Harold  Mindlin, 

Director,  and  Mr.  James  LvTich,  Assistant  Director,  505  King  Avenue^ 
Columbus,  Ohio  43201 

12  Commander,  Defense  Documentation  Center,  Cameron  Station, 

Alexandria,  Virginia  22314 

1  Commander,  U.  S.  Army  Foreign  Science  and  Technology  Center,  ATTN: 
DRXST-SD3,  220  Seventh  Street  NE,  Charlottesville,  Virginia  22901 

<  ' 

2'  Office  of  the  Deputy  Chief  of  Staff  for  Research,  Development  and 

Acquisition,  ATTN:  D.AI'LA-ARZ-E ,  D.A^IA-CSS,  Washington,  DC  20310 

2  Commander,  Army  Research  Office,  ATTN:  Dr.  George  Mayer  and 
Mr.  J.  J.  Murray,  P.  0.  Box  12211,  Research  Triangle  Park, 

North  Carolina  27709 

6  Commander,  U.  S.  Army  Materiel  Development  and  Readiness  Command, 

ATTN:  DRCQA-E;  DRCQA-P;  DRCDE-D;  DRCDMD-FT;  DRCLDC;  DRCNDT,  DRCM^l-M 
Alexandria,  Virginia  22335 

2  Commaruier,  U.  S.  Army  Electronics  Command,  ATTN:  DRSEL-PA-E, 

Mr.  Stan  Alster,  Fort  Monmouth,  .New  Jersey  07703 

8  Commander,  U.  S.  Army  Missile  Research  and  Development  Command, 

ATTN:  DRDMI-TB,  Redstone  Scientific  Information  Center  (2  copies); 
(1  copy)  DRDMI-TK,  Mr.  J.  Alley;  DRSMI-M;  DRDMI-ET,  Mr.  Robert  G. 
Black;  DRDMI-QS,  Mr.  George  L.  Stewart,  Jr.;  DRDMI-EAT,  Mr.  R. 
Talley;  DRDMI-QP;  Redstone  Arsenal,  Alabama  55809 

Commander,  U.  S.  Army  Troop  Support  and  Aviation  Materiel  Readiness 
Command,  ATTN:  DRSTS-PLE,  Mr.  J.  Conv^in  (1  copy);  (1  copy  each) 
DRSTS-0  and  DRSTS-M,  4300  Goodfellow  Boulevard,  St.  Louis, 

Missouri  63120 

^  Com-nandcr,  U.  .S.  .Army  Natick  Research  and  Development  Command, 

AT'FK :  DRXNM-EM,  Natick,  .'lassachusetts  01760 


1>U!  ic:  <Ji 

(!opi  cs 


To 
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Cotnmancle:-,  IJ.  S.  Ai  r.y  Mobility  I.cj’.iipncnt  Her.  c-arcli  jiiul  Dcvolopnon*. 
Corunancl,  ATf  ;,' ;  D!’!)Mr-Ii;  IjI'J):  !f.- 1. ;  DRfJMi:-r>;  DRDMH-H ;  DRI'MH-M; 

DRDMG-T;  PRDMH-TQ,  ORnMn-V;  ORDMil-Zi:;  ORDME-M 
Fort  Bclvoir,  Virginia  22060 

Commander,  U.  S.  Army  Tank-Automotive  Materiel  Readiness  Command, 

ATTN:  DRSTA-Q,  Warren,  Michigan  48090 

Commander  U.  S.  Army  Armament  Materiel  Readiness  Command,  ATTN: 
DRSAR-QA,  '(2  copies);  (1  copy  each)  DRSAR-SC;  DRSAR-RDP;  DRSAR-EN;  - 
DRSAR-QAE,  Rock  Island,  Illinois  61201 

Commander ,- U.  S.  Army  Armament  Research  and  Development  Command, 

ATTN;  DRDAR-LC,  Mr.  E.  Kelly  (1  copy) 

DRDAR-LCA,  Dr.  Sharkoff  (1  copy) 

DRDAR-LCE,  Dr.  V/alker  (1  copy) 

DRDAR-QAS,  .^'Ir.  F.  Fitzsimmons  (5  copies) 

DRDAR-SCM,  Jr.  J.  Corrie  (1  copy)  ^ 

DRD.AR-TSP,  Mr.  B.  Stephans  (1  copy) 

DRDAR-TSS,  (STINFO)  (2  copies) 

Dover,  New  Jersey  07801 

Commander,  Edgewood  Arsenal,  ATTN:  DRDAR-CLR,  Mr.  Montaway  (1  copy), 
DRDAR-QAC,  Dr.  Moritz  (1  copy),  Aberdeen  Proving  Ground,  Mar)'-land  21010 

Commander,  Watervliet  Arsenal,  ATTN:  DRDAR-LCB,  Mr.  T.  Moraczewski, 
Watervliet,  New  York  12189 

Commander,  U.  S.  Army  .Aviation  R8D  Command,  ATTN:  DRDAV-EXT; 

DRDAV-QR;  DRDAV-QP;  DRDAR-QE;  St.  Louis,  Missouri  63166 

Commander,  U.  S.  Army  Tank-.Automotive  Research  and  Development  Command, 
ATTN;  DRDTA-RKA,  Mr.  D.  Matichuk  (1  copy) 

DRDTA-RKA,  Mr.  R.  Dunec  (1  copy) 

DRDTA-RKA,  Mr.  S.  Catalano  (1  copy) 

DRDTA-RII,  Mr.  0.  Renius  (1  copy)  (Just  Infrared,  Ultrasonic 
and  Holographic  Reports) 

..  DRDTA-JA,  Mr.  C.  Kedzior  (1  copy) 

DRDTA-UL  (Tech  Library)  (1  copy) 

Warren,  Michigan  48090  ^ 

Director,  U.  S.  Army  Industrial  Base  Engineering  Activity,  ATTN: 
DRXPE-MT,  Dr.  W.  T.  Yang,  Rock  Island,  Illinois  61201 

Commander,  Harry  Diamond  Laboratories,  ATTN:  DRXDO-EDE,  Mr.  R.  F. 
Willis,  2800  Powder  Mill  Road,  Adelphi,  Maryland  20785 

Commander,  U.  S.  Army  Test  and  Evaluation  Command,  ATTN:  DRSTE-TD; 
DRSTE-ME,  Aberdeen  Proving  Ground,  Maryland  21005 

Commander,  U.  S.  Army  V.liite  Sands  Missile  Range,  ATTN:  STEWS-AD-L; 
STEWS-ID;  STLW’S-TD-PM,  Wliite  Sands  Missile  Range,  New  Mc.xico  88002 
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To 


1  Commander,  U.  S.  Amy  Yuma  Proving  Ground,  ATTN:  Technical  Library^ 

Yuma,  Arizona  85364 

1  Commander,  U.  S.  Army  Tropic  Test  Center,  ATTN:  STETC-TD,  Drawer  942, 

Fort  Clayton,  Canal  Zone 

4  Commander,  Aberdeen  Proving  Ground,  ATTN:  STEAP-MT;  STEAP-TL; 

STEAP-MT-M,  Mr.  J.  A.  Feroli;  STEAP-MT-G,  Mr.  R.  L.  Huddleston; 
Aberdeen  Proving  Ground,  Maryland  21005 

1  Commander,  U,  S.  Army  Cold  Region  Test  Center,  ATTN:  STECR-OP-PM, 

APO  Seattle,  Washington  98755 

1  Commander,  U.  S.  Army  Dugway  Proving  Ground,  ATTN:  STEDP-MT, 

DugP'^ay,  Utah  84022 

1  Commander,  U.  S.  Army  Electronic  Proving  Ground,  ATTN:  STEEP-MT* 

Ft.  Huachuca,  Arizona  85613 

1  Commander,  Jefferson  Proving  Ground,  ATTN:  STEJP-TD-I,  Madison, 

Indiana  47250 

I,  Commander,  U.  S.  Army  .Aircraft  Development  Test  Activity,  ATTN: 

STEBG-TD,  Ft.  Rucker,  .Alabama  36362 

1  President,  U.  S.  Army  .Armor  and  Engineer  Board,  ATTN:  ATZKOAE-TA, 

Ft.  Knox,  Kentucky  40121 

1  President,  U.  S.  Army  Field  Artillery  Board,  ATTN:  ATZR-BDOP, 

Ft.  Sill,  Oklahoma  73503. 

1  Commander,  Anniston  Army  Depot,  ATTN:  SDSAN-QA,  Anniston, 

Alabama  36202 

1  Commander,  Corpus  Christ!  Army  Depot,  SDSCC-MEE,  Mr.  Haggerty, 

'  Mail  Stop  55,  Corpus  Chtisti,  Texas  78419 

1  Commander,  Letterkenny  Army  Depot,  ATTN:  SDS-LE-OA,  Chambersburg, 

Pennsylvania  17201 

1  Commander,  Lexington-Bluegrass  Army  Depot,  ATTN:  SDSRR-QA, 

Lexington,  Kentucky  40507 

1  Commander,  New  Cumberland  .Army  Depot,  ATTN:  SDSNC-OA,  New  Cumberland., 
Pennsylvania  17070 

2  Commander,  U.  S.  Army  Depot  Activity,  Pueblo,  ATTN:  SDSTE-PU-Q, 
Pueblo,  Colorado  81*001 
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}  CoTTinander,  Ucd  River  Arr.y  Depot,  ATTK :  SDSRR-QA,  Texarkana, 

Texas  75501’ 

1  Conuander ,  Sacramento  Army  Depot,  ATTN:  SDSSA-QA,  Scaramento, 

California  95S13 

1  Commander,  Savanna  Army  Depot  Activity,  ATTN:  SDSSV-S,  Savanna, 

Illinois  61074 

1  Commander,  Seneca  Army  Depot,  ATTN:  SDSSE-R,  Romulus,  New  York  14541 

1  Commander,  Sharpe  Army  Depot,  ATTN:  SDSSH-QE,  Lathrop,  California  9(S53 

1  Commander,  Sierra  Army  Depot,  ATTN:  SDSSI-DOA,  Herlong,  California 

1  Commander,  Tobyhanna  Arm.y  Depot,  ATTN:  SDSTO-Q,  Tobyhanna, 

Pennsylvania  18466 

]  Commander,  Tooele  Army  Depot,  ATTN:  SDSTE-QA,  Tooele,  Utah  84074 

1  Director,  D.ARCOM  Ammunition  Center,  ATTN:  SARAC-DE,  Savanna, 

Illinois  61074 

2  Naval  Research  Laboratory,  ATTN:  Dr.  J.  M.  Krafft,  Code  8430; 

Library,  Code  2620;  h’ashington,  DC  20375 

3  Director,  Air  Force  Ma'teriel  Laboratory,  ATTN:  AFML-DO,  Librar>'; 
AFML-LTM,  Mr.  E.  Vdieeler;  AFML-LLP,  Mr.  R.  Rowand;  Wright-Patterson 
AFB,  Ohio  45433 

9  Director,  Army  Materials  and  Mechanics  Research  Center, 

ATTN:  DRXMR-P  (1  copy) 

DR.X.MR-PL  (2  copies) 

DRXMR-M  (2  copies) 

'  DRXMR-MQ  Cl  copy) 

DRXMR-MI,  Mr.  Darcy  (1  copy) 

DRXMR-L,  Dr.  Chait  (1  copy) 

DRXMR-RA,  Mr.  Valent e  (1  copy) 
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